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Abstract
The second phase of the CO2PIPETRANS Joint Industry Project (JIP) aims to fill knowledge gaps associated with the safe and 
reliable pipeline transport of CO2. The JIP has three main focus areas and technical work packages designed to address these. The 
work packages collect experimental data and experience on dense phase CO2 release model validation data, pipeline fracture 
arrest, and corrosion. This paper presents an overview of results and conclusions from the work package focusing on collection of 
data for validation of release models.
The JIP consists of 15 partner organisations, who are: Arcelor Mittal, BP, DNV GL, Endesa, ENI, E.on Ruhrgas, Gassco, 
Gassnova, Health and Safety Executive (HSE) UK, Maersk Oil, Petrobras, Petroleum Safety Authority (PSA) Norway, Shell, 
V&M Tubes, and Vattenfall. 
The objective of the CO2 release model validation data work package was to collect and make available data for validating 
release and dispersion models for dense phase CO2. This involved releasing dense phase CO2 from large inventories through 
orifices ranging in size 6mm to 150mm onto a suitably sized array of instruments to measure the CO2 concentration and 
temperature profiles. The condition of the CO2 being released was up to 150 barg and 150°C with release durations up to 10 
minutes. Most of the releases were in a horizontal orientation 1m above the ground but during some of the tests the orientation 
was changed to be upwards, downwards to impact the ground, or into an enclosure. 
In addition to the CO2 releases described above, the work package also undertook rapid depressurisation of a long horizontal pipe 
containing 100 barg CO2 in order to collect data, amongst other aspects, on shock wave propagation. These experiments used a 
200m long, 50mm diameter pipe mounted on load cells with an orifice plate and explosive initiated bursting disk at one end. In
addition to measuring data within the pipe during the rapid depressurisation tests, dispersion and temperature data was also 
recorded downstream of the release for release model validation purposes.
The paper presents an overview of the frontier experimental work mentioned above along with discussion on the output of the 
data review that was subsequently completed during which recorded data was compared with model predictions. Validation of 
 Jock Brown et al. /  Energy Procedia  63 ( 2014 )  2542 – 2546 2543
dispersion models and safety studies reduces the uncertainty and hence conservatism required in these studies thereby making 
design and implementation of CO2 pipelines safer and more cost effective.
© 2013 The Authors. Published by Elsevier Ltd.
Selection and peer-review under responsibility of GHGT.
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1. Introduction
CO2PIPETRANS is a JIP with three main technical work packages focusing on dense phase CO2 release model 
validation data, fracture arrest and corrosion, respectively. The JIP consists of 15 partner organisations, who are: 
Arcelor Mittal, BP, DNV GL, Endesa, ENI, E.on Ruhrgas, Gassco, Gassnova, Health and Safety Executive (HSE) 
UK, Maersk Oil, Petrobras, Petroleum Safety Authority (PSA) Norway, Shell, V&M Tubes, and Vattenfall. During 
phase 1 of CO2PIPETRANS studies were undertaken on ten key topics related to design and operation of pipelines 
carrying dense phase CO2 which were used as a basis for writing DNV-RP-J202 [1]. During this process six 
knowledge gaps were identified, namely: dispersion model validation, fracture arrest, corrosion, materials 
compatibility, hydrate formation, and the effect of impurities on thermodynamic properties of CO2.
CO2PIPETRANS Phase 2 scope covers the former three knowledge gaps
Background and motivation
Effective and demonstrably accurate modelling of dense phase CO2 both within the pipeline system and during 
release situations is essential for pipeline design and operations as well as in gaining stakeholder acceptance (e.g. 
permitting, public consultation, etc.). Modelling will form the basis of design, determining appropriate safety 
distances along the length of the pipeline (e.g. as required for pipeline routing), as well as for developing and 
justifying a hazard management strategy. Models currently exist for modelling vapour phase CO2, but before 
CO2PIPETRANS made data available few models, if any, had been validated for modelling dense phase CO2 at the 
scale applicable for CCS. 
Objectives
The objectives of CO2PIPETRANS Phase 2 Work Package 1: Dense Phase CO2 Model Validation Data were to:
1. Develop requirements for suitable and sufficient quality data to enable depressurisation, release and dispersion 
model developers and modelers to develop, test and validate models across a representative range of CCS dense 
phase CO2 scenarios,
2. Undertake an assessment of the currently available data and execute testing to close the gaps between this and 
the above mentioned requirements.
The CO2PIPETRANS benefitted from the in kind contributions of partners that bought data and experience from 
previous test campaigns with CO2 in small scale releases. The experimental data undertaken before the 
CO2PIPETRANS JIP consisted of small horizontal releases undertaken as part of BP and Shells design projects.
The result from these experiments has been made available to the public by the consortium via DNV GL website.
BP Tests
The experimental discharge and dispersion results for the BP DF1CO2 experiments (horizontal non-impinging jets) 
includes both high-pressure cold releases and high-pressure supercritical releases. This experimental work was 
carried out by Advantica (now DNV GL) at their Spadeadam test facility as part of BP’s engineering project DF1 in 
2006/7. In planning the CO2PIPETRANS experimental program this data was reviewed. In order to compare the 
experimental measurements with a reference source to enable data discrepancies to be identified for examination, 
the Phast consequence modelling package (Version 6.7) was used. This version of Phast was considered suitable for 
this purpose having been through a recent revision to allow CO2 releases to be modelled which includes accounting 
for the presence of solid carbon dioxide at atmospheric pressure.
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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Generally good agreement was found between the reported (or derived) experimental results and Phast predictions. 
This included close agreement with flow rate, and consistent agreement for maximum concentration versus 
downstream distance between experimental (11-second averaged) concentrations and Phast predictions. Thus the 
review concludes that the quality of the experimental data is adequate for model validation. 
Shell Tests
Review of the experimental discharge and dispersion results for the Shell CO2 experiments (horizontal non-
impinging jets) including both high-pressure cold releases and high-pressure supercritical hot releases. This 
experimental work was carried out by GL Noble Denton (now DNV GL) at their Spadeadam test facility. 
Generally good agreement was found between the reported (or derived) Shell experimental results and Phast
predictions. This included very close agreement with CO2 density, flow rate, and consistent agreement for maximum 
concentration versus downstream distance between experimental peak concentrations and Phast predictions. 
However, it was found that the O2 sensors in the near-field showed an erroneous drop of the concentrations with 
time. This means that the measured peak concentration is less accurate and somewhat random, and could not be used 
directly for model validation of the reduction of concentrations with time. 
Based on the results of the small scale releases and workshops including industry experts it was concluded that 
additional testing should focus on source term validation with pipe depressurization (shock tube) experiments and 
also on a much larger scale release, representative in scale to a real pipe rupture. 
2. Experimental
The experimental setup for both the pipe depressurization and large release experiments are described in the 
following section. For the pipe depressurisation experiments the setup consisted of a 200m long, 50mm diameter 
Figure 1 Shows the experimental setup for the pipe depressurisation experiments
 Jock Brown et al. /  Energy Procedia  63 ( 2014 )  2542 – 2546 2545
instrumented pipeline, as shown in Figure 1. The front end of the pipe was fitted with an orifice which can be 
modified to change the release rates. The orifice sizes used in the experiment ranged from 12mm to 50mm. During 
experiments the pipe was filled with dense phase CO2 which depressurized once a bursting disk fitted to the front 
end of the pipe was initiated with a small explosive charge. Temperatures and pressures inside the pipe were 
measured during the experiments. The mass flow out of the pipeline was recorded with load cells which the pipe 
was mounted upon. In order to constrain the thrust without impacting the load cells a special mechanism was 
developed and tested in during a commissioning phase of the program. Tests were carried out with insulation on the 
outside of the pipe and also without insulation. In the field the dispersion of CO2 was measured in front of the 
release point.
For the large release experiments CO2 was released from a 147m³ underground vessel through orifices of varying 
sizes from 25mm up to 150mm on to an array of instruments for measuring the concentration and temperature of the 
CO2 cloud, as shown by Figure 2. Inside the vessel and pipework the pressure and temperature of the CO2 was 
measured at a number of different points to get an overview of the conditions inside the vessel. For the 25mm 
release the flow rate and density of the CO2 was measured with a coriolis mass flow meter. The flow rate for the 
other releases was calculated using measurements of the vessel inventory and calculating changes in this. The 
weather conditions during the test were monitored at three positions on the test range.
3. Results and Discussion
The pipe depressurisation experiments of high-pressure liquid CO2 releases involved the sudden release of 100 barg 
CO2 from one end of a 200m long, 50mm diameter horizontal pipe through various orifice diameters with data 
collected along the pipe and in the field. Initially a small 25m long version of the pipe depressurization experimental 
rig was built to test the experimental setup and measurement apparatus. Over the course of this testing the 
experimental procedure was refined and it was shown that it would be possible to undertake the 200m experiments. 
During this testing there was a particular focus on proving that mass of the pipe and hence mass expelled from the 
pipe could be measured accurately whilst being restrained. The initial results were compared with Phast pipebreak 
model and showed good agreement with the equation of state.
The full scale 200m long, 50mm diameter rig was then constructed. Eight tests were carried out with this rig with 
Figure 2 shows the experimental setup for the large release experiments
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varying orifice sizes from 10mm to 50mm. All the tests started with an initial pressure of about 100bar and the 
temperature varied between 3 and 15°C, The initial tests were carried without insulation, but this was added later to 
reduce the effects of heat transfer from the pipe walls.
The measured expelled CO2 mass versus time obtained from load cells showed the correct qualitative behaviour, i.e. 
reducing mass with increasing initial temperature, and reducing mass flow rate with reducing orifice diameter. The 
effect of pipe insulation on the expelled mass was not shown in this test campaign. However, inherent inaccuracies 
for the measured pipe mass may remain, for example, due to faulty load cells and incorrect weight measurements 
near the open and closed pipe ends.
The measured pressure and temperature data clearly demonstrate an initial pressure wave (with speed of sound) 
from the open to the closed end, and the very rapid depressurisation from the initial pressure to the saturated vapour 
pressure. During the subsequent two-phase flow it was confirmed that the measured pressure was very close to 
saturated vapour pressure at the measured temperature (i.e. equilibrium between phases).
Following completion of the pipe depressurization experiments, the large release experiments were carried out. The 
inventory of the releases was 170m³, with initial pressures of up to 150bar. The orifice diameters for the experiments 
was 25mm to 150mm and experiments started with the smallest diameter.
The purpose of repeating the 25mm release undertaken during the Shell test campaign was to validate the flow rate 
measurements using the coriolis mass flow meter. This test was executed several times because there were some 
problems with the flow meter. The data eventually collected for the flow rate was shown to be of high quality, 
however the flow rate measurements using the differential pressure to give the inventory of the vessel proved less 
accurate due to noise in the measurements. 
In the field the CO2 concentration of the cloud was measured with O2 sensors, CO2 sensors and beam sensors at 
locations at a distance up to 1.2km from the release. It is the intention of the CO2PIPETRANS JIP to publish the 
raw data from the experiments for the purpose of improving validation of models completing the objective of the 
project.
4. Conclusions
The objective of the CO2PIPETRANS JIP was to meet the identify need for published data for validated CO2
dispersion models. This need has been identified by many different groups including the CO2RISKMAN JIP, as it 
raised the level of uncertainty in hazard management. Since identifying this need CO2PIPETRANS has executed 
tests to fill the gap and reduce the uncertainty and will further do this with the publication of data.
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